MOLECULAR DYNAMICS POTENTIALS
The non-polarisable potential parameters used in the simulations of the main text are those reported by Koneshan et al. [1] for ion-water interactions. No ionion interaction potentials are needed as the simulations were in the infinite dilution limit. The potentials are given in Table S1 . 
STRUCTURE
The radial distribution functions (RDFs) between each of the ions and waters' oxygen, as given in the main text, are decomposed into the first and second maximums and minimums and shown in Table S2 , tabulated for simulations at 300 K and 1 atm.
first max first min second max second min TABLE S2 . The positions of the first and second peaks along with their heights for the RDF between waters' oxygen and each ion, also the position of the first and second minima with their respective heights. All data is for NpT simulations at 300 K.
BASIS FUNCTIONS BETWEEN A DIPOLE AND AN ION
In the main text the interaction between a dipole moment and an ion was given as ψ(r), where r is the separation. This function ψ(r) was given in terms of basis functions that describe orientational correlations between a dipole moment and the ions center, denoted Φ n0n , where n is an integer. The first ten basis functions describing these correlations are given as 
Only the first few basis functions contribute substantially to the free energy, and as such the calculation for these correlations is stopped at n = 9. A visual depiction of the n = 1 to 5 functions is shown in Figure S1 .
The different basis functions for each of the cations and anions studied are shown in Figure S2 and Figure S3 , respectively. Note that h n0n = Φ n0n . [3] C. P. Kelly, C. J. Cramer and D. G. Truhlar, J. Phys. Chem. B, 2006, 110, 16066-16081. 
